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Ttafb^utveo^ 
an^^egentlav^lr^ 
dispersions and its use in therapeutic methods. 

^ (propcfbh«nX dM«*I«* I**E**» (1989), may No. Wl.m 1245. 
induct and „, 8 im«nar«of ar~sth«sia or sedation. Imraveoous inj^of ath^peuuc 
^ 40 secondsfrom the «t of an injection, ct 

,995, A^W£c^ (USA), page 2436. In various countries the **vc *ger4 propyl » 
con^en^y av*Ubte on* h, a single j**^^^*^'*-**** 
emulsion marketed under the tr*le mark Disoprivan* (Stuart, Zencca). Thu fbnnuhiion lS in 
emulsion consisting or soy bean oil, egg lecithin, and glycerol 

Emulsion, of this type used as u^ble, have serious d»*adct M.Tre^ « H. report m 
G* J.Aneslh. 1992, 3 9(3Ptl).509-31lofur**^e^«^*»^ oni 

of undesirable fa»w«*« dfeeta resulting from bolu. adrnir^ratiow or rapid infimoo 
MM* M. Undhohn report, in Mb-rve ^ 1992. 58 (10). page, 875-179 that 
the maxunal lipid clearance i, exceeded Physiclm '* De* Ksfi***, be. eft. mention senou, 
Averse reactions, such a, bradycardia apr*. hypotewion, and other*. A detailed section is 
dedicated to Warnings, Precautions, and Drug Interactions. 

The act of adhering the dosage form inttvenoudy is also p«nfi.l. Thi. may be explained 
by the lipophilic character of the ingredient, of the dosage form. For this reason, the simul- 
taneous adnuniftnukn with analgetic, is ateo recommended. Strict aseptic technique must 
iway. be mated during handling. The detailed restriction, and insm^ons accordmg to 
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Ptppckn sDeskJitfemnce, loc at, arc wtf-exphmtory and indicate the need for an 
improved formulation. 

A suitable intravenous dosage form has not yet been available for the important ntmubetir 
■gent propofoL The object of the present invention, therefore, » 
in t rav en o us dosage form for the lipophilic active agant propofbl . 

The number of approaches for solving the problem according to the present invention by 
developing suitable alternative dosage form is scverefy fimhed, since propofol has to be 
administered in the course of intensive care to unconscious patients or temporarily handi- 
capped patients. This exdudes the use of oral dosage forms, e.g. capsules which appear 
suitable fbr formulating lipophilic therapeutic agents. However, the use of such dosage forms 
requires improved health status of the patient In a narrower sense, the object of the present 
invention is the preparation of an improved new intravenous dosage form. 

The drawbacks of the known injectable emulsion are explicable by its insufficient homogeneity 
caused by the lipophilic properties of the additives and the therapeutic agent propofol. to 
pronounced lipophilicity especially explains the insufficient suitability for intravenous dosage 
forms which require the solubilization of the therapeutic agent in the carrier liquid. In order to 
effect solubilization successfully, the BpophQichy of the active agon also necessitates the 
addition of larger amounts of pharmaceutical carrier materials. U.S. Patent Specification Na 
4452 81? discloses % microemulsion containing ! % propofbl, which «lso contains 10 % of the 
additive Twecn* (1CI) 80. Such a. high amount of surfectants in an intravenous dosage form is 
physiologically tnacceptable. 

In a narrower sense, the object of the present invention is the preparation of a new, improved 
intravenous dosage form for the lipophilic agent propofol which comains physiologically 
acceptable amounts of carrier materials In the event that the addition of one of the few 
sohibilizcrs permitted in national pharmacopoeia* still fails to promote the solubility of the 
active ageit, the incorporation in finely dispersed systems bgscd on lipid mixtures is suggested 
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bt *pnor.rt.ln*ch«y«cn^ 

^dcW .putktem.oflcath-1 1 urn. V»W ypidp^destn^ with the 
garner lkn*«.o^ 
character. whu*dnT«^^ 

dispersed levei but nevertheless, sufficiently bamog^ou. for the preparation of 
ta^a^arfc*!^^ 

theapeulic of tew soUriBty in rf^^-o-toi,-^--^"*-*' 

ormuttUjonsUar liposomes, tianocapsulei or tanoputiclo. 

IthttsurprismglybeaW^ 

of polyene* sorbitan in low concent » especially suitable for the preparation of. 

- • ■ i in the form of * ranodiipersion of the active agent 



propofol. 

The present invention, therefore, relate, to a naacdirpenioa for the imraveuou, .dnunistration 
of en awKStnetic agent having lipophilic properties, which compriies: 

a) 10 - 20 weight % of the therapeutic ageat 2,6-diisoprcpyiphecoi (propofolum); 

b) 1.0 -3.0 weight % of a partial fatty acid ester of priyoxyedwlene wrbiun; 

c) the carrier liquid water, in the degree of purity necessary for intravenous adrmnistration. 
wherein the weight ratio, of component a) to component b) ere in the range of 0.33 - 1.2. 

The naawfi^ersiwi defi^ ab^ 

therapeutic agent. For cample, where opalescence and transparency occur b incident light, 
only an extremely slight milky tiirbidhy reveal, that the dispersion formed Jul ha. physical 
differences vii-i-vis the ideal state of a true molecular solution. Electron microscope image, 
show that a population of more than 95 % of the ^y soluble propofol U p««« in Ae 
form of a dispersion of nanopartick* having a particle size ofle« then 30 nm C««o- 
dispeW). However, these dtffcrences vls-A-vis a true solution are acceptable in view of 
«». remarkable homogeneity properties of the nanoditpenion. These properties can be made 
apparent in a high storage stability; for example there is no «p .ration aft er storage for ■cveral 
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months tt 2-8°C (by extrapolation the expected ftabiHtyb more thw two yem). ^ 
comparison wto the coir^^ 

feflowing; A ample ofPisoprivtn* of 1 .0 ml contains t sen of about 3 .2 x 1 0* particles 
having a size of 2 1.0 uxn and still about 10to30partkleshavinga n of > 25.0 um, whereas 
inasarnpleof I ml of the naiwdbperakm ac^^ 
popdation of up to seme tboust^ 
pregeoi. Practically n©pa^ 

parttde distribution of extremely few particles of undesirably large sizes is particularly use&l 
and is far bekiw the timiUwhidi are accept 

regulatory authorities, such as the Food and Drug Administration (FDA) in the U.S. 

A prefemd embodiment of the present Invention relates to a ausodtsperoon comprising: 

a) 1 .0 - 2.0 weight % of the therapeutic agent 2,6-dtiwpropy^pheool (prcpofolum); 

b) 1.0*3.0 weight % of pclyoxyethyleae(20)soibitan monooleate; 

c) the carrier liquid water* in the degree of purity necessary for intravenous administration; 
wherein the weight ratios of component a) to component b) are in the range of 0.33 - 1.0. 

The therapeutic agent propofbi - component a) - is present in the naaodispentons defined 
above in the dose which is approved for injection formulations. According to Physician* Desk 
Reference, toe. eft , an injectable formulation of 1 mi contains a dose of 10 mg. 

The partial tatty acid ester of potyoxyethyiene sorbitan - component b) consists preferably of a 
substantially pure ester of sorthan or a mixture of different esters of sorbitan in which the 
structure of the fttty acid groups and the length of the polyoxyethytene chains may vary. The 
hydrophilic sorbitan isprefcrabfyethcrified by three hydrophuic pdyoayethyknechams and 
esterified fay a hydrophobic fifty acid group. The sorbitan may, however, alternatively be 
ethcrified by only one or two polyoxyethytene chains and correspondingly esterified by two or 
three fitty acid groups. The bask sorbitan structure is altogether substituted by a minimum of 
two and a maximum of three hydrophilic groups, the term ^vydrophflic group* 1 embracing the 
po^oxyethytane chains, whereas the fatty acfd groups are hydrophobic. 
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^oru**»r^,*tr^^car^ 
^.ro^Thecster^derrvedlrc^^ 

having 12, 14, 16 or 18 carboe atoms, for ««mpb p^c^^^M^c^^ 
havi^ev-iu^o*^ 

14 16 or 1 8 arbon aioais, for ewmpte deovl. The nwcoacd esters of sorblun ar, in 
conformity with the dm given m the British PhamacopocU (spetaaRsed monograph) or 
PhJMv VH. In particular, the product specifications pubK died by the mentioned manufac- 
wrers^thtointanuttononto 

such as shape, colour, HLB value, viscosity, ascending melong point and Nubility, apply. 

Suitable paniil fktty add esten of polyoxyethyleoe sorbitaa are «>mmerciallv obtainable under 
theirade»«kTween»oflCl Corp. end knowo by the chemical Mmcs poJyoxyethyleoe 
(20 or 4)«rbitafl monolauntt (TWEEN 20 «d 21). pclyoxyethvle^OJaorbitaB tnono- 
patariute or moooftearato (TWEEN 40 and 60). polyoxytAvl««(4 or 20)sorbit»n mcno- 
stcarate or triatearate (TVVEEN 61 and 65), polyoxyethyteae(20 or S)sorbltaa monoeleate 
(TWEEN »0 or 81) and polyoxvethvleneClO)^^ trioleate (TWEEN 85). In an especially 
preferred embodiment of the invention. pdyoxyethyleneCM^rbitaD moaooleate (TWEEN *» 
is used as component b). 

Component c). the carrier liquid water having the degree of purity necessary for intravenous 
^rdniaraiioa ^ m accordance with the regulations of narioml phanracopodxs, gtrm- and 
pyroges-frtt. 

Exripieats suitable for injecpoa purposes art pre** in the ^nodlsperrion if desired. Suitable 
excipientt are approved by Hegutatory Autborfcea for injection purposes, tg. glycerol, benzyl 
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.icchol in the degree of ^ 

for the production of isotoo* conditions, for e^ 

other water-soluble exeipients, e.g. sorbitan, minnta* glucose, lactose or &uctosc. 



The present tawmooaborel^ 

defined above, which Is known peruse md which process comprises: 
Fimcn^soh^compooentb)- partial &tty acid ester of polyoxyethylaie sortiiin - in 
component c) - water - and thereafter adding to th« lohition w 
propofol - in the specified amounts and u«gbt ratios deflndabow; 

«Ki subjecting tbenanodi^^ 

t ^ rm rrf s fiifthw wrrnimt of water as carrier liquid and optionally farther waier-aohible 
eKCtpiants that ai© suitable for Section purposes; sterile fihnmon of the dear nanodispemoxi; 
or 

sterile filtration and subsequent conversion of the odnodispcrsion obtainable into & dry 
preparation, optionally with the Edition of waier-aohibie exeipients, and reconsmution of the 
dry preparation to form an injectable nanodispernon. 

According to this method, an especially homogeneous, intravenously admimstrable nano- 
dispernon of the therapeutic agent propofol is prepared. 

The nanodisperaion Is prepared by adding the afly phase of pure propofol - component a) - to 
the aqueous phase containing the component b). Tins mixture is stirred during 2 to 3 houres 
using a magnetic stirrer or static mixer. Mixing preferably is effected at room temperature or 
under moderate heating up to 45*C. 

The dispersion obtainable can be defined as a dispersion of colloidal nanopartides of the 
sparingly soluble lipophilic active agent propofol, or, more simply, as a nanodiiperaon. By 
means of measurements from laser light scattering and electron micrographs, the colloidal 
nanoparticlcs present in the nanodispersion can be distinguished from other particles such as 
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U^cry^micdlea.i^ 

optical «»ni«^T^^ _ 
pf8p ^ i ,c»>ide^<i^ 

ignoring (delation of the p«tide «t ^ ho^Beoehy): or elects microiccpy 
ft ny m iri negative contrast tedaapw)- 

Thcneceisatytaouraofv^.whichn^beof^^ 

.oded to the ,-nodbpenion. This aanodispenidn can be directly adnmwtemi titer selecting 
the Mo. method surtiMc for soch typ« of disp^ons, prefcrably tail* ««*>» (" »*). 
for example with a PAL filter (Geta-n). and optional* after adding further water-****. 

applicable to separate off an relative* large particle, in the W^on navu* a diameter 
greater than about 200 ran, as weH as floating and solid jubilances. This yields a naoo- 
dispersion bavbg a high proportion of hydrophflk particle, of extrecxly umfbnr, ate 

As an alternative to the preparation of a directly adniristrable Moodisptrsioo, the nano- 
dispersion may be converted into a dry preparation especial* into a lyophilisate, vAich is 
cecowtituted prior to administration by the addition of water. An adrm-strable wnwSspersK* 
is obtained again after raxastituoor of the h*phuia«te. For the preparanoo of lvophUwtes. 
the addition of so-called builders, sueh as lactose or mannhol is customary. The* excipients 
are added in such amounts that after reconstituoon of the lyc^ 
administered has isotonic properties. 

Measured amounts of nanodispersion are introduced, optionally la the form of . concentrate, 
into containers suitable for a unit dose, for mmple glass ampoules (vials). The filled 
containers can be cooled, if desired, to about -40* to -50«C. e*pe«By so about -45-C. and 
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tf„n \r r^r* «' ■ t***" 1 " "f»faaui 0.2 to 0.6 tnbar by dowiy heeling to i Hail tanperetme 
of«bout25°to35°C. 

The mnodispenion according to the present tawaltainpiitiadirlyusefiJmlqMiott 

fcniwhiioa to fa*w«oo» idmnistratto 

sedation. 

The following oounpla iOustnte the invention; the retevmt phyiicjo-chonctl ptnmeters, such 
as size tad distribution of theaiaopenieto Oner Egbt seettering methods in the ran range); 
ouinbef ef p«rtide» per ml (pertlde couwioeord^ 

concentrations of the icdve nyati m the formulation arc thown to the TABLE studied to the 

Examples. 

Eanjfej; Formulation for in electable fcnnulation 10 rngtal. Percentages aw given m 
weight percent. 

I A % potysoxbatum 60 
92.8 % aqua ad in). 
1 .0 % prapofbhtm (active substance) 
0.5 % benzyl alcohol 
4 .3 % mannitolum 
PolysoAatum 60 is dissolve ^ 

stirrer. To tbU solution the active substance propofcl and ben*yi alcohol ts »ven. The mixture 
is stirred for two to three hours at room temperature with a magnetic stirrer (200-300 rpm) 
until the mixture appears transparent and wealdy opalescent. The clear mixture is then sterile 
filtered (0.2 urn) and fitted into vial* under sterile conditions, the vials may be stored at 
temperatures up to 25°C 
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worrrtatu 

.9- 

weight pedant 

92.3% aqua ad isj. 
1.0 % propofohnn (active «b*unce) 

alcohol fa omitted. 

, . _ ^u-.w* fonxuiltlioo 10 rug/ml. Pcrccm*g" «e given in 

*™nd« 3 : Formulation for an lOjectrtrtc tonauiw* «v 

wcigjbt percent. 

1.4%po>ysoibfttuiDS0 

1.0 % propcfolum (ttdve substance) 

4.8 % manxdtohan 

vrtrigfrt pcrccst. 

2.s % pofysorbtfum 80 
90.4% aqua ad fay. 
2.0 % propofWum (active substance) 
4g% Bianfutclum 
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phyBCO^toawl data of injectable fbnad^«^gtotbeBx^l«coiniw«l 
eognDBreial flmnulation Diiopriwa* 



TABLE 



Ex^xnplc 


Bitch 

Na/ 
Size 

W 


Luer-ligfet- 
Scstteriflg 1 ' [tun] 


Number of 


VbeotLty 
aPu] 


Contour. 
I*ropofbl^ 
[mgfaQ 


1 


040 

1.0 


AVG 4 * 20.8 ± 7.0 


> 1 lot 12 175 
>10lud 213 

> 20 Jim 26 

> 30 \im 11 


l.l 


9.8 


2 


045 

1.0 


AV& } 1T8 ± 5.7 


> l>un 6394 

> 10 am 45 
>20nm 4 

> 30nin 1 


1.1 


9.9 


3 


002 

50.0 


AVG* 1 17.9 ± 5.0 


> 1 nm 4 154 
>10nni 12 
>20 |ixn 0 
>25Ltm 0 


13 


9.6 


4 


063 
1.0 


AVG" 11.5 ± 4.2 


> l jim 6 899 

> 10 pni 55 
>20>im 0 
>30}im 0 


1.5 


19 8 


Diso- 
privaa* 


MP 21 

Exp. 
0997 


AVG 4 ' 123.8 = 37.< 


> > I >im 3 163 978 
>10nm 1308 
> 20 mn 24 
>30*un 10 


1.6 


10.0 
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pitjpertw. which corflnriiea: 

.) 1.0-2.0^% oftbathcnpeutie ^nt l^dta******** <pn*»dbh»n); 
b) 100 0weigm%ofar^&^«ae«wrfpor^^ 

whereto the wcigbi ratios of component a> ic con^wnentb) winthtwg.of0.33- U. 

properties, which compriaes: 

a) 1.0 -2.0*eight% cf theth«^tic^t2,6^pfopylnh«d 

b) 1 0 - 3.0 weight % ofpoJyoxyelhyt«e(20)iOTbiun monooteste; 

c) tha carrier tiquid water. « the degree of purity necessary inrrrvenou, adminism^ 
wherein the weight ratio, of compooent a) to component b) arc in th range of 0.33 - 1 .0. 

3 A. process for the preparation of »nwodiaperaon according to dsiro 1. which comprises: 
Km rjissorving component b) - p-rtU &** «*» — of pdyo*yethyk« sorbin - 
in co»ponent c) - water - and thereafter ^totl«5sohitioncc^onenta)-actrveagent 
propofbium-inthespec*^ 

stirring this mixture using a wgnetic stirrer or static nvxerpre^iyaxroc^ternpe^ure or 
under heating up to 4S"C. 

4. Nanodispcrsiona of the therapeutic agent 2.6^1usopropyiphenol (propofchim) according to 
claim 1 or daim 2 for use in s therapeutic method by intravenous idrflinistratior, 

5. NaoodUpersions wording w cfcim 4 f or the mduclion and maiaicnincc of anaesthesia or 
sedation by intravenous administration. 
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